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ABSTRACT 


Background: Tinnitus is a frequent complaint in otorhinolaryngology. The symptoms of tinnitus those are severe enough to 
significantly affect the quality of life. Numerous therapeutic interventions and studies claim success in the treatment of tinnitus, but 
the cure remains undefined. However, ozone therapy has been suggested as potential treatment for tinnitus. 


Objective: This systematic review aims to investigate the efficacy of ozone therapy in the treatment of tinnitus. 


Material and Methods: A systematic search was performed in MEDLINE, Web of Science, Cochrane Library, Science Direct, Scopus, 
Google Scholar, Embase and LILACS. Data was processed by two independent reviewers. Only Systematic Reviews, Randomized 
Controlled Trials, Observational Studies and Case Series published in English or Spanish with no date limit that evaluated the use of 
ozone therapy for the treatment of tinnitus were included. 


Results: From 264 references retrieved after duplicates removal, 260 articles were excluded according to the pre-established 
selection criteria. The assessed articles were then subjected to risk of bias analysis, and one of them was excluded. 


Conclusions: High-level evidence, such as well-conducted randomized clinical trials, are still needed to confirm the efficacy and 
safety of this therapy 
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INTRODUCTION 


The current literature describes tinnitus as a “phantom 
auditory perception” resulting from atypical activities of 
the nervous system produced without any internal or 
external acoustic stimulation'?. However, the mechanism 
involved is only partially understood**. The often-accepted 
theory describes the initial existence of a neuroplastic 
response to the absence of sound, which is perpetuated 
by a subsequent cascade of neural changes in the central 
auditory system®. 


Tinnitus is a frequent complaint in otorhinolaryngology 
outpatient clinics and orofacial pain clinics*®. Studies 
have shown that approximately 5.1-42.7% of the adult 
population reports tinnitus episodes’. A significant portion 
of these individuals have symptoms that are severe 
enough to significantly affect their quality of life. Work 
disability and sleep disorders are among the situations 
that patient’s experience, and there are reports of mental 
disorders in some patients. 


Numerous therapeutic interventions and studies claim 
success in the treatment of tinnitus, but the cure remains 
undefined®. There are several potential treatment options, 
such as transcranial direct current stimulation, ginkgo 
biloba and surgeries, which offer patients varying degrees 
of improvement in symptomatic complaints and quality of 
life". Ozone therapy is one therapeutic approach that 
has been shown to be promising for the treatment of 
tinnitus'2"°, 


Ozone therapy is a medical treatment that uses a 
gaseous mixture of ozone and oxygen (5% ozone and 
95% oxygen)'* to activate mediators of nuclear signal 
transduction, thus acting via an indirect pharmacological 
mechanism'*. In recent decades, O3 therapy has been 
widely used, and currently, its biological mechanisms 
of action, pharmacodynamics and biochemistry have 
reached consistent scientific levels'”"°. 


Ozone (O3) is normally present as a three-atom oxygen 
gas with a cyclic structure and can be produced by 
a medical generator from pure oxygen”. It activates 
molecular pathways that regulate endogenous antioxidant 
systems and is used as an auxiliary treatment, especially 
in pathologies in which the inflammatory process plays 
an important role and ischemia is an etiological factor?"*°. 
Therefore, it has been shown to be especially effective in 
the treatment of various diseases, such as osteoarthritis 
and chronic wound recovery, and in the treatment of 
peripheral vascular disease”*. 


Recent studies conducted worldwide show that ozone 
therapy has been used with high safety and efficacy in 
everyday clinical practice and is an important form of 
treatment'”222627_ In a comprehensive review, Noel L. 
Smith et al. concluded that a large amount of research 
provides evidence that the dynamic resonance structures 
of ozone facilitate physiological interactions that are 
useful in the treatment of a multitude of pathologies’. In 
a systematic review on the application of ozone for the 


treatment of chronic wounds, Fitzpatrick et al. concluded 
that this therapy is safe, and therefore, no adverse 
effects have been reported that are directly due to ozone 
therapy”. 


Since March 2018, the Brazilian Ministry of Health has 
expanded its policies for integrative health practices 
in the Brazilian public health system (Unified Health 
System, SUS) and has authorized the inclusion of ozone 
therapy among the new types of integrative practices 
within the framework of procedures available in the SUS. 
Thus, the use of integrative practices for patients with 
chronic noncommunicable conditions that do not present 
clinical outcomes favorable to conventional treatments 
is justified?®°. In this scenario of advances and scientific 
evidence, the present review aims to investigate the 
efficacy of ozone therapy in the treatment of tinnitus 
(Table 1). 


METHODOLOGY 


This study consists of a systematic review conducted 
to answer the following clinical question: What is the 
efficacy of ozone therapy in the treatment of tinnitus? The 
present study was filed and registered on 09/29/20 under 
the code CRD42020177572 in International Prospective 
Register of Systematic Reviews (PROSPERO). 


Eligibility criteria: Following the guidelines defined by 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) Statement and the Population, 
Intervention, Comparator, Outcomes and Study Types 
(PICOs) model, eligibility criteria and search terms were 
developed to include articles published in English or 
Spanish with no date limit that evaluated the use of ozone 
therapy for the treatment of tinnitus. Studies classified as 
case reports, conference proceedings, literature reviews, 
book chapters or preclinical trials were not included in 
this review. 


Search strategy: 


The virtual search was performed between April and 
June 2020 in the following databases: MEDLINE, Web of 
Science, The Cochrane Library, Science Direct, Scopus, 
Google Scholar, Embase and LILACS. The descriptors 
used were (tinnitus [Title/Abstract]) AND ((ozone[Title/ 
Abstract]) OR (ozonetherapy[Title/Abstract])). Emtree 
terms (Embase Subject Headings) were used for 
the Embase search, and DeCS (Health Sciences 
Descriptors) were used for LILACS. MeSH (Medical 
Subject Headings) terms were preferred for the other 
cited databases. 


Once the search for articles addressing the topic was 
performed, the references of the identified articles 
were included in the Rayyan QRCI database, and two 
independent reviewers read all abstracts and selected 
articles according to the inclusion and exclusion criteria. 
These selected articles were then read by all authors, and 
if more articles were identified for exclusion, the reason 
for exclusion was cited (Figure 1). 
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Table 1: Showing the details of author, year of publication, location, study design, sample. size and outcomes. 


Study characteristics 


Country and : a Sample 
Year Authors Study design Objectives number Outcomes 
Silvia Menéndez, To evaluate the They report the improvement of patients according to 
Havana Alejandro Biaek effectiveness of vertigo, hearing loss, tinnitus and nystagmus, of 90%, 
: del Cerro, : ozone therapy in the . 80%, 65% and 100%, respectively. They conclude that 
Cuba f Experimental : 50 patients : mani : 
2012 Tania Alvarez Studies treatment of peripheral ozone therapy is effective in the treatment of peripheral 
e Francisco vestibulocochlear vestibulocochlear syndrome. 
Hernandez syndrome * No side effects were observed. 
: Onur-Sonmes, : Evaluation ae The authors report that the study does not provide 
Kayseri, Ismail Kulahli, Randomized effectiveness of a ; ee 
: : sufficient evidence to support ozone and beta-histatin as 
Turkey Alperen Vural, Controlled treatment with ozone _ 68 patients neal 
. : : ae a treatment for tinnitus. 
2013 Mehmet I ‘Ilhan, Trials and beta-histamine in 2 : 
uae No side effects were observed. 
Mesut Aydin the treatment of tinnitus 
To evaluate the 
Bydgoszcz, Katarzyna Quasi- effectiveness of ozone The authors report that the patients' subjective status 
Poland Pawlak-Osinska Experimental and pressure pulse 15 patients improved and there was a reduction in the frequency and 
2004 et al Studies in the treatment of severity of tinnitus. 


Méniére's disease 


Records identified through database Additional records identified 
searching (n = 32) through other sources — Gray 
Pubmed = 4 iterature 


Embase =9 (n = 304} 


Web of Science = 3 
Scopus = 8 Google Schoolar = 143 


identification 


Lilacs =5 


Cochrane = 3 Science Direct = 161 


Records after duplicates removed 
(nm = 264) 


Records screened Records excluded 
(n = 264) (n = 260} 


Full-text articles assessed Full-text articles excluded, 
for eligibility with reasons 
(n=4) 


Eligibility 


(mn = 1 — high bias-risk) 


Studies included in 
qualitative synthesis 
{n =3) 


Figure 1: Prisma flow diagram. 
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Risk of Bias: 


To evaluate the risk of bias of the selected articles, the 
Joanna Briggs Institute (JBI) Critical Appraisal Tools 
questionnaires were used for randomized, quasi- 
randomized studies and case series. See supplementary 
material. 


These checklists have four response options: Y for yes, 
N for no, U for unclear, and NA for not applicable. The 
risk is calculated as the percentage of Y answers to the 
questions on each list according to the JBI guidelines. 


Arisk of up to 49% is considered a high risk of bias. A risk 
of 50% to 70% is considered a moderate risk of bias, and 
a risk level above 70% is considered a low risk of bias. 


RESULTS 


A total of 336 articles from the searched databases 
were deposited into the Rayyan QRCI database. After 
72 duplicates were excluded, 264 articles remained for 
abstract review. Of these, 260 articles were excluded 
according to the pre-established selection criteria. Finally, 
only four articles met the eligibility criteria and were read 
in full by all authors. The articles were then subjected to 
risk of bias analysis, and one of the articles - Hernandez 
et al. — was excluded because its high risk of bias and its 
lack of scientific rigor made it adequate for this qualitative 
synthesis. 


DISCUSSION 


In a prospective and controlled clinical trial, Menendez, 
S., Del Cerro A., et al. evaluated the efficacy of ozone 
therapy for the treatment of 50 patients with peripheral 
vestibulocochlear syndrome. Ozone was injected into 
the cervical region at C2-C3, on both sides of the spinal 
process (twice a week for 20 sessions). Their patients 
obtained improvements in vertigo, hearing loss, tinnitus 
and nystagmus of 90%, 80%, 65% and 100%, respectively. 
Therefore, the authors concluded that ozone therapy is 
effective for the treatment of peripheral vestibulocochlear 
syndrome. They reported that patients were initially under 
systemic oxidative stress; however, at the end of the 
study, a redox balance was achieved. No side effects were 
observed. Sonmez O, et al. conducted a randomized, 
prospective and controlled study that investigated 
the effects of ozone and betahistine on tinnitus in 68 
patients. A total of 10 ozone treatment sessions were 
administered to 27 patients in the ozone group via major 
autohemotherapy twice a week. Twenty-six patients in 
the beta-histatin group received oral betahistine tablets 
48 mg/day for three months. Fifteen patients who were 
eligible for the study but refused treatment were followed 
up without any treatment. In conclusion, the two treatment 
methods that were indicated to be effective for tinnitus 
seemed to have limited beneficial effects. This may be 
explained by the fact that tinnitus is of multifactorial origin. 
Therefore, the study did not provide sufficient evidence to 
support ozone and betahistine as treatments for tinnitus. 


The authors suggested that more studies should focus 
on the early stages of tinnitus. During the study, no side 
effects were observed. 


In a Clinical trial, Pawlak, Osinka K, et al. used ozone and 
pulse pressure therapies for the treatment of Méniére’s 
disease in a total of 15 patients — eight men and seven 
women aged between 38 and 56 years; their mean 
age was 43.7 years. Typical symptoms were observed: 
sensorineural hearing loss, tinnitus attacks, vertigo and 
nausea and even vomiting. The ozone and pressure 
pulse treatments were performed simultaneously. The 
concentration of ozone in the ozone and oxygen mixture 
was 8 mg/liter; the flow rate was 60 mL/min. Inhalation 
was performed for 10 minutes per day once a day for 10 
days. Auditory membrane massage was performed for 
five minutes three times a day for one week. The authors 
concluded that there was a tendency for improvement 
with the studied therapies, but statistically significant 
results were not obtained. However, the subjective state 
of the patients improved, and there was a reduction in the 
frequency and severity of tinnitus. In some patients, this 
result lasted for two years. A relevant finding is that no 
attacks occurred in some patients who were observed for 
an additional month. After treatment, tinnitus disappeared 
completely in four patients. 


CONCLUSION 


Ozone therapy may be a potential treatment for tinnitus. 
High-level evidence, such as well-conducted randomized 
clinical trials, are still needed to confirm the efficacy and 
safety of this therapy. 
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